Abstract. This paper argues that sequences of exploratory drawingsconstructed by designer's movements and decisions -trace systematic and logical paths from ideas to designs. This argument has three parts. First, sequences of exploratory sketches produced by product designers, against the same task specification, are analyzed in terms of the cognitive categories of reinterpretation, emergence and abstracttion. Second, a computational model is outlined for the process of exploration through drawing and third the model is applied to elucidate the logic in the sequences of exploratory sketches examined earlier.
Introduction
Designers rely on visual representations to generate and explore design ideas. It is assumed here that there is a reciprocal relationship between designers' thinking and their representations. Representations may be a consequence of thinking but also thinking may be stimulated by perception of representations. These connections suggest that explorations might trace systematic and logical paths from an original idea to a final design via sequences of drawings and decisions.
Visual representations, particularly freehand sketches, serve as a tool to assist thinking (Goel 1995) . Sketches in conceptual stages support both divergent and convergent thinking. While in divergent thinking designers generate isolated concepts, in convergent thinking these are synthesized and evaluated (Liu and Bligh 2003) . Cross (1994) points out that, in general, the design process is convergent, but also contains deliberate divergent thinking for the purpose of opening the search for new concepts. This paper concentrates on sketches generated during convergent thinking.
Generally sketches produced in early stages tend to be more ambiguous and less complex than later stages of the design process (Lawson 2004) . Goel (1995) argues that, on the one hand, designers need ambiguous and vague sketches in order to keep their options open. But, on the other hand, designers direct the design to a conclusion by setting boundaries, selecting particular objects and relations for attention, and imposing a coherence that guides subsequent moves (Schön 1988) .
Designing includes reflective conversation with sketches in which designers proceed by seeing, moving and seeing again (Schön and Wiggins 1992) . That is, interpreting, transforming and reinterpreting sketches. Goldschmidt (1994) notes that designers transform designs in a cyclic manner. Each sketch is transformed by adding, deleting, modifying or replacing parts. The reflective 'conversation' leads to the generation of sequences of related sketches.
The path leading to the final design cannot be foreseen, and each transitional design generated is a potential turning point where the path can change its course. How designers perceive shapes in drawings offers a point of departure in understanding the exploration process in design. How design features are perceptually grouped and transformed appears to be critical in understanding the exploration process of designs. Concentrating on shape as the medium for exploration, interpretations and transformations can be represented by shape rules (Stiny and Gips 1972) in a grammar which provides a connection between cognitive processes and formal exploration of designs. Figure 1 illustrates three shape rules used to explore the design shown in Figure 1 
